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Abstract: The measured results of a reentry-bocy by a P£

radiometer are described in this paper. The stando!f range o- the

radiometer reaches 100 km. Some features about the target are

given.

I. Introduction

When any space reentry-body enters the atmosphere ±f the

earth at super fast speed, violent photo electric synthesis

phenomenon occurs immediately. Surrounding the reentry-body 's a

high temperature plasma sheath, which severely disrupts and even

stops the radio signals used for remote measurement. In the mean

time, large amount of hot ultraviolet, visible and infrared

signals are radiated. Exploration and utilization of the series of

radiated light signal caused by the spaceship reentering the

atmosphere can help to provide precision guidance, and to predict

the return target of the spaceship[I,2].

II. Basis Principle

When a super fast reentry body enters the atmosphere, due to

the extremely high temperature caused by the violent aerodynamic

heating, the highest wall temperature can reach 3000--4000K (the

temperature at the stagnation point reaches 8000K); the wake has a

length of 880m; tremendous power of ultraviolet, visible and

infrared energy is radiated.

The light radiation power can be described by the rate of

change of the kinetic energy[3]:
d(KE) 1 V dV

dt = 2V2d + mV dt'

dt 2 d t k2



where, V is the speed of the reentry body, the acce*erat :cn .t
dd

the reentry body, m the mass of the reentry body, te b: the
dt

dV
rate of the protective material. V and dt are measured by radar

and projectile camera. m is a known quantity. Once te . ...

selected, dt is determined by burning experim(ents of the material

d (KE)
in ground based plasma arc wind tunnel- dt" can be ca-IuI` t-J,

from formula (1) . Formula (1) can be used for the reverse0 desgn

and prediction of the light radiation efficient of p-anned reontry

body.

In addition, the radiation power can also be obtained from

the following formula and using optical measurement to check the

result.

4nR2 HX
TaX

where

HX=VS/VN•NEFD, (3)

and
J R2 H (4)

Tak

Among the above formulae, R is the curvilinear distance between

the reentry body and the radiometer, HX the degree of radiation at

the reception hole of the radiometer (W/cm2 ), Tak the atmospheric

penetration rate between the reentry body and the radiometer, Vs

the voltage signal (mV) measured by the radiometer of the reentry

body, VN the sky background voltage signal (JJV) measured by the

radiometer, NEFD the system sensitivity of the radiometer (W/cm2 ),

J the radiation strength of the reentry body (W/Sr).

III. Measuring equipment and calibration

The measuring equipment consists of an optical probe and

electronic data processors. The optical probe consists of main

mirror (1), secondary mirror (2), motor (3), modulation disk (4),

light cone (5), and PbS component (6) The electronic data
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processors consist of preamplifier, C,07 srectrum ana'y::e. 23C

recorder, and a timer as shown in Fig.

Fig. 1 Schematic diagram of the radiometer. i) ?reapim er,

ii) spectrum analyzer, iii) recorder, iv) timer.

1. Optical probe

This system uses the Newton's system. The main mirror is a

parabolic mirror with diameter D =250mm. The secondary mirror is a

planar mirror with diameter d = 110mm and focus f =680mm. The view

angle of the system is 2W =30o7'. The component is PbS with

dimension 6x6mm. The wave band is 1-3 pm. The working temperature

is the room temperature. D* =0.5-2X10 9 cmHz 1 1 2/W. It has a

germanium window. The aperture entry diameter of the light cone is

0=20mm, the exit diameter 0=5mm. It has strip slit whose gap is 1

mm and parallel to the reentry direction. The linear region of the

modulation disk is 20-24'. The secondary mirror is driven by the

motor to form a small angle with the perpendicular line of the

light axis so that the incident light does conic scan and the

scanning circle falls on the focusing surface (i.e. on the

modulation disk); the size of the trace of the scanning circle is

0=I0mm. The frequency of the signal is determined by the product of

the rotation rate of the motor and the number of the slits on the

modulation disk. The low frequency background cloud is filtered by

frequency selection in order to enhance the useful signal of high

frequency target. The size of the dispersion circle of the optical

system is 0.3m.

2. Electronic system

The lead of the PbS component is connected to the

preamplifier with a magnification of 10. Since this type of strip
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modulation disk is rich is modulating signal frequency, the 2107

spectrum analyzer is used for frequency selection ail, the result

it tape recorded by the 2305 recorder. The real frequency

selection is 500 Hz. The timer supplies one time mark in one

second and prints it on the recording paper. The selected paper

speed is 1 cm/s. The specifications of the preamplifier are: f-1

kHz, magnification 10, the maximum output power 220mV, input
impedance 2.8MO; the open circuit noise is 10ýtV, and when

component is connected (SlOkQ) it is 5.6EiV; the bandwidth is

30-80kHz; the linear range of the voltage input is 2-200mV and

hence the linear range of the output voltage is 20-2000mV.

3. Instrument calibration

(1) Calibration equipment

The calibration system is shown in Fig. 2. Site calibration

can be carried out during a dark night.

/221

It should be pointed out that radiometer calibration must be

conducted under the condition of alignment infrared radiation

source proposed in Ref [4]. Here, according to the practical

conditions, the radiometer is calibrated by placing it at a

distance of 166m from the black-body stove. The opening angle of

the black body with respect to the radiometer is very small so

that the alignment is guaranteed and the relative error is not

greater than 1%. Calibration is done before and after the test to

prevent the variation of the radiometer sensitivity due to some

unforeseen factors. Calibration is done for the full range and the

full linear scope.

iv

v) Vi) Vi

Fig. 2 The calibration system. i) current stabilizer, ii)
black-body stove, iii) diaphragm, iv) radiometer, v) transformer,
vi) potentiometer, vii) current detector.
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(2) Calibration result

The sensitivity formula of the radiometer system is
EOT 4ASt

NEFD = L02,Vs/VN, (5)

where E is the emission coefficient, 0 the Stephen-Boizman

constant, T the temperature (K) of the black-body stove, AS3 tlhe

surface of radiation of the black-body stove, T the atmo-Tpher>c

permeability between the black-body stove and the radiometer, L0

the distance between the black-body stove and the radiometer[ 4 ]

When the calibration condition is taken from the infrarepd

radiation which is obtained by placing the black-body stove at the

focal length of a single reflector aligner, L0 =f 0 in formula (5).

Vs is the black-body voltage signal of the black-body stove

measured by the radiometer. VN is the background noise of the

black-body stove. If the various parameter values measured from

the site calibration condition (T =838.8K, the radiation hole

diameter of the black-body stove 0 =l.5cm, LO=166m, Vs=15.5mV,

VN=!65ý.V, T=0.4 etc.) are substituted into formula (5), it follows

that NEFD =4.48xl0- 12 W/cm2 .

IV. Measurement results

1. Main measurement results

The observable time of the site reentry phenomena is about

25s. The processed actual data are shown in Table 1.

Table 1 The radiant measurement values for the reentry-body.
i) reentry parameters, ii) measured values of the light radiation.

-x A 0 $ I*t x tifa - / ,j

t(s) h(km) R(km) V.(mV) Vs/Vs H(W/cw 2 ) JT(W/Sr)

0 54.3 97.2 48 192 8.6 x 10-10 4.1x 105

3 46.5 85.4 593 2371 10.Ax10t 3. 7 X 106

6 38.6 72.6 1000 4000 l.8x10"1 4.7x10i

9 30.7 58.9 1.U7 4466 2.0x10-1 3.,X1o

12 22.9 46.1 548 2192 9.8 x 10- 1.1x1'o

15 15.3 34 531 21.25 9.5 x 10-9 5.4 x 100

18 8.7 24.5 803 3214 1.4x 104 4.2 x 105

21 3.2 17.6 71 286 3.8X10, 2.0x10'
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In the table, t, h, and R are the time, the heightof t-!%e

reentry body, and the curvilinear distance respectively. Vq is the

background noise of the sky; the site measured value is VN=-250Zpv.

The weather was good during the measurement and the measured

values of the background are consistent.

2. Reentry radiation curve

(1) The curve V3-f(t), describing the relationship between

the reentry radiation voltage signal and the time change, is shown

in Fig. 3.

Fig. 3 indicates that the variation of the signal is affectei

by the rolling characteristics of the target, the changes of the

lighting angles of the sun on the target, the reflection

properties of the earth, the instrument alignment precision, the

target mass resistance ratio, the atmospheric transport, and the

dispersion properties. The curve shows that, in general, the

reentry radiation signal changes from small to large and then frorn

large to small. It reaches the maximum at the height of 40 km and

causes the instrument data indicator to reach the saturation

values. The ranae of variation is as high as 103. The maximum

radiation power is WXz 5 X10 7 W.

/i222

1400

> 1000

S600

200-
0 ! 3 5 7 9 1l 13 Is 11 19 21

(2) The curve J =f(h), indicating the reentry radiation

strength variation as a function of the height, is shown in Fig.

4. The maximum radiation strength reached at the height of 40km i]

J z 4 x10 6 W/Sr.
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3. Simple analysis

(1) When the reentry speed increases to approximately 4.5km/s

(the corresponding height is approximately 40km), deceleration

phenomenon starts to occur, manifested by the strong and violent

aerodynamic heating drag effect which lasts until the falling when

the speed is reduced to about 2.4km/s.

(2) Both the sudden change of the speed of the reentry

phenomenon and the corresponding sudden change of the >ight

radiation occur at the height of approximately 40km, which Is

basically consistent with the sudden increase of the radar echo

measurement. The wake has an obvious reaction.

(3) The measured reentry body radiation power is about 104-IO8

W. The radiation strength is J =10 3 -10 7 W/Sr. It is reported that a

body of weight 900kg with reentry velocity 6km/s and acceleration
of 50g can generate 3XI0 9 W total radiation power. This can be

compared with our measured values. Thus it shows that super fast

reentry body is a very strong source of visible and infrared

radiation. It is similar to a third grade star during the night

and ic 1000 brighter than the planets.

(4) Even with the complexity of the site test conditions, our

data have shown that, under good weather condition, for a 4.5km/s

reentry body, the light radiation signal of a reentry body target

at 100km curvilinear distance can be received completely by PbS

radiometer.

40

30 ..- - -

20-

2 3 4
Ax 10 W/Sr)
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V. Summary

1. The test shows the success of measuring far away super

fast reentry body light radiation characteristics by oxr PbS

radiometer. The curve shape of the measured values reflects the

reentry properties and the laws very faithfully.

2. The measured maximum signal to noise ratio is Vs/Vt4466

corresponding to the height of 31km. When at the farthest

curvilinear distance of 97.2 km, the signal to noise ratio is-- Vs5 UN

=192. These is still potential to extend the ranqe of the

radiometer.

3. Due to the complexity of the test environment, the test

equipment, measuring method, and the measuring precision need tc

be further perfected and improved.
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